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CRITICAL ANALYSIS AND LABORATORY RESEARCH WORK
AT THE STAGE OF ATRCRAFT PRELIMINARY DESIGN

Claude Liévens and Philippe Polsson-Quinton,
Chief Armaments Engineer, General Research Division, Aeronautics
Technical Administration, Paris (CL) and Asslstant Technlcal
Director (Aeronautics), ONERA, Chatillon, France (PP-Q)

PART I. CRITICAL ANALYSTS OF PRELIMINARY DESIGNS (C. Liévens) /5-2%

A ——

1.1. Introduction

The method used in France to conduct a military aircraft pro-
gram, frequently termed the "prototype approach," generally consists
of five fairly distinct successive phases (Fig. 1):

-- the exploratory studies, financed by the industry or by

a government organization determining the amousit'of lnvestment
required, reveal feaslbility criteria and provide the baslc 1n-
formation for an eventual program report;

-- the preliminary design stage begins with the publication

of this program report. This phase, which leads to esfimated
performances and costs, 1s completed wlth the submitting of de-
talled preliminary designs to the government services; these
should confirm that the statements of industrilal flrms are
realistic or at least conform to a reasonable optimum.

-— the preparation of a prototype contract occurs after

selection of the preliminary design and generally includes the
publication of a modified or more detalled program report. The
most difficult point in negotlations between governmental organi-
zations and industry 1s to reach an agreement on the margins

¥ Numbers in the margin Indicate pagination in the forelgn text.
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Fig. 1. "Prototype" approach for a military program
i1n France.

permitting a change from estimated performances to guaranteed per=
formances (more or less matched by financial penalties). This
phase ends in notice of completion of the prototype contract.

-- the prototype phase consists ofthéhmnﬁfaétureand flight
development of the prototype. It ends with acceptance on the ad=
vice of the pllots of the Flight Testing Center. It is during this
phase that the/ basic aerodynamic cptions are finalized, primarily

as a function of the guaranteed performances,

-— the production phase begins when the airplane has been

ordered by the government..: - = »

Two characteristics of this approach should probably bhe em-
phasized: flrst, the government does not order a series of
alrcraft until a prototype has been evaluated; as a result, the
prototype 1s generally not manufactured with production tooling.



This method, which is fawvorable from an overall cost' standpolnt,
nevertheless has the drawback of increasing replacement time for
aircraft of the preceding generation. Furthérmore, the charac-
teristics of the airplane have not been fixed at the preliminary
design stage; unless there l1s some mandate imposed by manu-
facturing time, the choices are not final until the fourth phase.

To illustrate this distribution of choice over time, we will
use the example of the Alphajet (Fig. 2). 3Since this was a
training aircraft, one of the basic cobjectives was to obtain a

preliminary design yielding a reasonable amount of spin. The spin
tests were thus conducted very early, prior to the cholce of one
of the participating 1industrial firms. The design which was ac-
cepted at that time was not final, nevertheless: a clear possi-
bility of further changes was allowed, on condltion that they did
not detract from the spin characteristics. Thus theoretlcal calculations,
confirmed by wind tunnel tests, led to changes in the dihedral

to modify the airfoils and cancel the specilers. The fuselage and
the wing box were settled somewhat later, just before the
beginning of producticn. The leading edges and flaps were chosen
still later; a replacement solutlion further improving the takeoff
behavior of the aircraft still remains to be determined for the
first phase of flight testing. Of course, this time distribution
is closely linked to the length of the manufacturing cycles; in
another program in which a titanium wing box might be used, this
element would be fixed at the very beginning of the prototype
phase. o

Obviously, the existence of successlve designs for the air- /5-3
craft poses a problem of data management and requires extremely
rigorous work on a computer. The degree of rigor required in-
creases with the number of programs performed in cooperation, the
contract holders and their plants belng widely scattered geo-
graphically. Today it is of prime importance that there be a
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Fig. 2. Examples of distribution of choices over
time for the Alphajet.

center for constantly updated data to be used by all the teams
involved in the design and manufacture of the eguipment.

Use of the French method has been facilitated by the relative
lack of real competition in the area of military aircraft (a
damaging factor in other respects). The industry 1s not tempted
to choose excessively optimistic performances to eliminate ¢om-
petitive propesals. In the preliminary design stage, government
agencies do not require that the designers define the meost minute
details of the alrcraft. Documentation at this stage is not ex-
tremely plentiful, and the design of the aircraft may still evolve
with considerable flexibllity, depending on problems of design and

manufacture, time factors, developmental costs and estimated risks.

In addition, the order of the various operations involved may
not be clearly observed; thils 1s especially the case with c¢ivilian
alreraft, where the needs of the companles may not be translated
into a simple program report as for military aviation, and where
the prototypes may be constructed on production tocls. Neverthe-
less, there are strong similarities between this exploratory and
preliminary design stage and the launching of a ecivillan pre-
liminary design project (STOL), as Fig. 3 shows.
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Fig. 3. Example of French approach to preliminary
design study of an STOL c¢ivilian transport system.

It should be emphasized that for a totally new design for-
mulas entailling high developmental risk, it 1s not deslirable to
enter directly into a sequence which will end in mass production.
Here there should be an intermediate experimental model, an in-

tegral part of exploratory research. I would particularly like

to emphasize the risks lnvelved if the general staffs allow styles,
passing whims or excessive enthusiasm to influence the statement
of thelr needs, since this could lead to fatal errors. In an
initial phase, the new formula -- like any type of research still
in long-range perspective -- would be the object of moderate re-
search whose yield would be:inadequate to permit a convenient
solution to reliability problems; &t thispolint an overly enthusiastie
general staff would immediately be pursuaded of the incomparable
value of the new concept and would move on Wwithout hesitation to the
preparation of a programreport for anoperating aireraft. . -~ Tiol



From that point, thils unfortunate program would accumulate the
problems encountered in any developmental process in addition to
those of the new design, and under conditions not very favorable
for reflection. The relative fallure of the French vertical
takeoff and landing program may be-attributed to circumstances of this
sort. Defining an experimental model is a difficult task, there- éi:ﬂ
fore, since if an aircraft with overrated operating characteris-
ties willl probably be doomed to fallure, similarly, experimenta-
tion along clearly . - unrealistic lines would prove nothing: -
there would be no significant way to compare the advantages and
drawbacks.

1.2. Critical Examination at the Preliminary Design Stage

We have now.;.arrived at the stage where, on the basis of
laboratory tests and in-house industrial studies, the preliminary
designs are submitted to the government agencies (Fig. 4). Even
with a relative lack of competltion, critical technical analysis o
of these preliminary designs is an important procedure. The
important thing is to determine whether the launching of a proto-
type phase entails excesslive technical risk. It should be well

understood that 1t would be absurd to try to answer for all the
estimated performances: a project without any risk would produce
an alrcraft without any future. However, cne should determine
whether the risks are still reasonable; and our ablliity to make
this evaluation will increase to the extent that we are less in-
Sfluenced by the state of the loading plans and the urgency of -
needs. In short, it is our function to give unambiguous techni-
cal information to the decision-making personnel, who are
generally not technicians, and who must Incerporate into their
cholece a large quantity of non-technical elements.

This task presents the twoefold problem of evaluative cri-
teria and analytical techniqgues.
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Fig. 4. Studies undertaken during the.preliminary
design stage.

1.2.1. Evaluative Criteria (see Fig. 5)

Satisfactory aerodynamic deslign 1s one obvious reguirement;
this, however, is not an end in itself., It is -a functlon of the
performances and flight qualities, which alsoc depend on the
available propulsion systems, the thrust and the specific con-
sumption which may be expected, plus their potential for future
development. The welght breakdown should be brought into play,
and thus also the structural solutions adopted. It is increasingly
necessary, from the preliminary design stages on, to take info
account the control aid and stabilization systems, ete., initially
used to correct defects 1n existling devlices, but designed, with
a view toward Integration and use of the CCV prinecliple, to re-
place traditional inStruments for: flight:'qualities  analysis.'Thus
the performances : and. flight gualities of aircraft basically



depend on the aerodynamics, the propulsion system, the structure,
the weights and the systems, and these areas should consegquently

be examined in the preliminary design stage.

In regard to military aircraft, the performance crlterla
correspond to typlcal missions included in the program report.
In this regard, critical anlysis. .of the preliminary design is
based on studles of the sensitivity of the performances to
"predictable or probable" variations in the aerodynamic and pro-
pulsive parameters. In the long run, flight qualities should be
able to meet with the approval of Air Force and Flight Testing
Center pilots; in the preliminary design stage, quantitative
criteria close to those given in American standard MIL-F-8785 B
are used; these criteria are only guidelines, however, without
ever being set up as requirements. In regard to civilian air-
craft, the performance criteria correspond to typical missions
which are a more or less direct and more or less chance expression
of the needs of potential clients; handling quallty criteria
correspond to the requirements of technlcal navigability condltions
and the satisfaction of pilots from government agencies and the
commercial firms using the aireraft.

However, no flnal declslion may be made on the level of op-
timigation of a preliminary design without reference to an
operating cost criterion. In addition to performance data, this
requires an initial analysis of reliability and maintenance ap- /5=5

titude, involving the cost of repalrs and preventive malntenance

operatiocons.

Other elements come into play as restrictions: 1Initially
these are operating conditions, followed up by recent environ-
mental problems: limifation of takeoff and approach noise, and,
from a longer-range standpoint, limitation of the various forms
of atmospheric pollution. All these limitatlons, whose future



development is difficult to predict, will welght heavily on all
future civilian -- and perhaps military -- aireraft projects.

[ AIRCRAFT DESIGN PROCESS l

g GOOD PROPULSION SYSTEM G0OD
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#  LOW PRODUCTION PRICE

¥ EASY RAINTEHANCE

TRADE.OFF

Fig. 5. Goals at launching of a prolect.

At any rate, the preliminary design appears to be a compro-
mise among a number of criteria, resulting in the problem of
eoordination of all the teams involved. An initial method woulad
consist in assigning a partial goal to the industry and to each
team involved, alcng with the overall goals and all the limita-
tions; this method would bring speclalists into play at a very
early stage. The French industry has preferred a second method:
to decrease the role of specialists at the beginning, leaving
the cholce of large technical options to the project leader and
his team. This requires, in industry, highly trained engineers
with extensive knowledge of all aeronautical fields, and in
government -agencles, enlightened managing personnel.

Now that criteria and goals have been mentioned, the problem
of thelr flexibility should now be emphasized. Let us take a
few examples:




-- for a large-capacity commerclal aircraft, the lnability
to perform a reference mission should not necessarlly lead to
automatic rejection. In practice, one of the mest critical
missions considered by & prospective ¢lient might not be performed
under the best economic conditions; for example, one might take
off from Mexico with one or two passengers less under unfavorable
weather conditions. This might compromise a few controls without
being fatal to the program as a whole;

-- let us now imagine that the Concorde 1s unable to make a
trip from Paris to New York with the required payload: the pro-
gram would probably be doomed. Fortunately, this eventuallty 1is
extremely improbable -- which is a miracle, 1lncildentally, since
the project began its developmental phase with medium range

criteria;

-- the problem of noise may from now on introduce relatlively

severe limitations impairing a c¢ivilian program, and this prob-
lem is all the more difficult to take into consideration, 'since
noise combatting is costly and there i1s hardly any way of knowing
what level will be tolerated in 10 years. For example, an STOL
program cannot be launched without entalling risk in thils area,
and this risk has a heavy influence on choice of the deslgn and
certalin characteristics of the project. The takecoff noise of
the Concorde is another striking example: today this is a prob-
lem, while when the prototype phase was first inltiated, heither
public opinion nor that of specilalists had really been sensi-
tized to it. Undoubtedly 1t was believed that landing filelds
could be constructed cutside urban areas wilthout attracting

real estate prometers and a subsequent proliferation of homes
and developments.

Evaluation of goal flexlibllity is an important

I

phase in the work of government agencles 1n industry. If these

10



will be higher as the technical risks are greater, and which will
draw the trade-off chosen away from the mathematlcal optimum.

1.2.2. Analytical Techniques

We have now arrived at the techniques used 1n critical
analysis of preliminary designs. These techniques vary depending
on whether they are defined on the basls of:

parametric analyses;
-- previous experience;

sophisticated computation;

test results;
or intuition (Fig. 6).

] /556!
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Fig. 6. Aerodynamic factors in = a satisfactory
preliminary design.
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1.2.2:1. Parametric Studiles

In an abstract sense, mathematical methods making use of a
computer should be sufficient in themselves to permit complete
optimization of a project on the basis of previously determined
goals and limitations. Such studies (understood in this sense)
generally have a falrly small audience in France, and seem to me

to be dangerous (Fig. 7):

-— they are generally too sensitive; only slight changes in

the assumptions, the basic missions or the weighing of criteria
are necessary to produce completely different solutions. This
fact has showed up very clearly in some presentations made to the
AGARD conference on the V/STOL (Brussels, 1968);

-- there can be no purely mathematical sclution for the
choice of margins, taking technical risks and goal flexlbility
int o account; ‘

-- 1n the development of a program, there will be events

which the projeect leader must be able to predict although no
general mathematical formulatlon can be made;

-~ finally, and most important, the assumptions underlying
parametric studies are valid only wlthin very limlted ranges.
There 1is every chance that the mathematical optimum will not fall
within the marginal range of at least one of the assumptions and
thus will not correspond to a realistie prelimlnary design.

Of course, criticisms applied to purely mathematical
overall optimization by computer do not condemn deslgn merely
with the aid of the computer. The computer 1s an absolutely
indispensable tool (see Sectlon 1.2.3).

12
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Fig. 7. Two approaches for parametric study.

Rather than perform mathematical studies, we prefer to scan
prospective areas by drawing up several preliminary designs,

evaluating them separately and comparing the results. One might
take as an example the optimization of the wing area of a com-
bat aircraft of given aerodynamic design (horizontal wings and
stabilizers fixed as to shape and relative position, with the
exception of one similarity factor). Although this problem is a
slmple one from a design standpeoint, it cannot be studied
mathematically: glven the general structure of the aircraft,
the amount of fuel, the attachment of external loads, etec., it
can quickly be seen that the same aerocdynamlc design cannot be
used due to the scale effect. It 1s therefore necessary to make
several preliminary designs within the range of possible surface

areas.
For a government agency englineer, therefore, critical
analysis of parametric studies consists in the study of several

preliminary designs.

1.2.2.2. Preliminary Experimentation

Insofar as possilible, we try to progress by small steps.

Certainly a degree of imagination 1s necessary to make up a
preliminary design, but this should be concentrated on essential
factors. We do not believe in the success of a program based

13



on a nmultipliecity of clever gadgets which are difficult to
develop and rely on poorly known techniques.

I feel that the success of French military aeronautics is /5=T
related to the fact that each type of aircraft benefits directly
from the experience galned by 1ts predecessors. Take a look at
Fig. 8: all four aircraft, although quite different from an
aerodynamic standpoint -- one has.'delta wings, another swept-
back wings, one variable shape and one VITOL. -- basically resemble
each other, The air intakes are appreciably the same. Prior
to these wvariable shape desligns, there had been the Mirgge F2,
and there was little change in the position of the horizontal
stablilizer. All the aircraft which have followed those shown
here -- the Mirage Fl, the Mirage G8, preliminary designs for
future combat aircraft -- are direct descendants of cne or another
of these four models. Furthermore, the fact that the same tean
respongible for advanced studies at Marcel-Dassault Alreraft had
followed at least a dozen prototypes from the exploratory re-
search to flight development over the last 10 years constitutes
an extremely valuable experiential resource.

To make a critical analysis of preliminary designs, therefore,
government agency engineers should have thorough knowledge of
previous programs and the problems encountered to the point of
flight development. When there 1s competition between several
firms at the preliminary deslignh stage, the government agenciles
will also benefit from information on preliminary designs put out
by different filrms, making it easier to reveal the critical points
of each of these designs. Just as a relative lack of competitlon
allows for greater flexibllity in distributing technical choices,
in the same way it is prejudicial at the critical analysis stage.
Nevertheless we have been able to beneflt from a competition
situation over the last 5 years: J

14



-— 1n defining the characteristics of the training aircraft
which has become the French-German Alphajet;

-—- in the STOL prelimlinary designs ordered by the SGAC
[Secrétariat Général de 1'Aviation Clvile; General Civilian
Aviation Administration].

Other important projects (Concorde, Airbus) have also 1in-
volved competition among industrial firms.

- - -
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Flg. 8. Four designs for combat ailrcraft adapted
to low-altitude penetration missions toward a
target at x = 300 nM, with the same cruising
engine (TF-306, T = 10.4 tons payload). Four
Dassault "Mirage" combat A/C.

1l.2.2.3. Sophisticated Methods of Computation

In the followlng discussion, in order to make use of con-
8?5?5 cases, I will cite a few examples taken from the field of
aercdynamics. It 1s clear that other disciplines offer similar
situations. Traditional methods of aircraft deslgn, which were
fairly solldly established 10 or 1% years ago, have since been
shattered by several events:
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-- the necessity of increasing the cruising Mach number of
aireraft flying in the high subsonic range has led to the abandon-
ment of traditional profiles. Whether a "plateau" speed distri-
bution is produced, resulting in Mach numbers slightly higher
than one over a large part of the chord, or whether one develops
a supersonic region followed by recompression without impact or
with an impact of relatively low intensity so that no separation
is Introduced, in both cases the work can be performed only with
the use of sophisticated methods. This is also beglinning to be
the case for other aerodynamic problems (optimization of
1ift devices, for example};

-— the attainment of high subsonic speeds makes it impossible
pohandleihterférenceproblemsultimatelmafterpartialoptimizationof
the different elements of the aireraft. Furthermore, rough
approximations of the "area rule" type can no longer be con-
sidered sufficlent. The methods of computation should refer to
a basis of data taking the entire aircraft into account, with
all the problems involved 1n storing the data necessary for 2
correct representation of the aircraft in its various configura-
tions, 11ft or otherwise. There would also be the necessity of
eliminating aeroelastlic deformaticn, but 1t should be recognized
that there is still 1ittle known about this area;

-+~ the amount of wind tunnel tests performed on alrcraft of
recent generations has constantly lncreased. The cost of these
tests is increased by their technical difficulty, the accuracy
demanded of the results, and the more acute nature of the prob-
lems inherent in new designs; this cost inflation has been
further 1lncreased by the use of questionable and much-debated
bookkeeping methods which on the national level are far from
optimum. In addition, the number and quality of the wind tunnels
avallable is not increasing in proportion to needs. From now
on 1t will be necessary to limit the number of solutions to bhe
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tested in wind tunnels and to decrease flight development.
and thus to arrive quickly at nearly optimum solutions. The
purpose of calculation 1s to enable us to take. this step
satisfactorily.

Naturally 1t 1s not possible here to descrlibe in detall the
elements involved in large computational programs. Agaln taking
the example of aerodynamics, in my opinion the methods used may
be divided into three groups (Filg. 9):

SOPHISTICATED COMPUTATION METHODS IN INDUSTRY A

TYFES OF INPUTS

Computotions basad on
solving axact equations

Computations besed on
semi-empirical mothematice!
models confirmed hy tesring

Computations based on

uneonfirmed mothematicol

_models

Cradible resulrs
1§ no wrrar In numerical onolysis

Cradible results

in areas confimed by testing

Random
razults

Tests and
funther research’

. required

Fig. 9. Sophisticated computation methods used
in industry.

~— some are.very pure from a theoretical standpoint and
consist in scolving fluld mechanics equations; ultimately this is
a problem of numerical analysis;

—- others, glven the impossibillty of theoretical or prac-
tical rigor, rely on semiempirical data whlech have however been
confirmed by a number of avallable tests;

-~ others, finally, in the absence of sufficient theoretical

or experimental data, rely for lack of any other alternative on
rough modeling which is valid on an initial approximation.
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Clearly, given thelr semlemplrical nature, which 1s more
efficient than rigorous, and the complexity of introduclng the
gecmetrical characteristics of the different configurations, such
computation programs typlcally contribute anindustrial tool.

I will now défine . what theroles of government agencies
and research laboratories should be under these conditions.

It is inconceivable that the specialists responsible for
eritical analysis of preliminary designs in government agencies.
would develop sophisticated computation methods competitlive with
those of industry. Naturally they must have "returns™ and check-
points to detect possible gross errors in the aerodynamic data,
and the most solid basis will usually consist in .a knowledge of
previous projects. Most importantly, however, government :
engineers should always be precisely informed as to the state of
industrilial computation programs, which phenomena have been
appropriately modeled {taking experimental checking into account),
which have furnished convineing results, and which phenomena are
poorly understoocd, allowing only unreliable modeling. They
should be able to evaluate the impact of these uncertalnties on
the performances of the projJect. It should be noted that the
dialogue with industry will be more open and the efficiency of the
government agencies will be higher i1f these engineers have an
active say in outlining the research programs. They can use
their knowledge in areas where industry has fallen short to see
that these needs are glven conslderation.

It seems to me that the role of research laboratories has
undergone a mutation over the last 10 years. The second part of
this discussion will show that the complete designs of super-
sonic transport alrcraft had undergone wind funnel testing prior
to inlitiation of the Concorde program, at the instigation of the
ONERA [Office National d'Etudes et de Recherche Aérospatiales;
National Office of Aerospace Study and Research]. 1In defining
future aircraft, it does not seem very likely to me that this
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office will study complete configurations prior to their study by
industry. Furthermore, I feel that this 1s a good thing, since
the function of this agency now lles elsewhere. A large number
of aerodynamic phenomena are still poorly modeled due to a lack
of adequate basic knowledge: shock wave/boundary layer inter-
action, airstream separation, turbulent mixing, etc. give rise to
extremely rough modeling which entrains too high a risk in pre-
dieting the behavior of aircraft 1n the course of development or
in the preliminary design stage. It 1s the responsibility of
research laboratorles to perform basic "simple and clean' tests,
to collect and store all data of any importance, and to take the
initiative in determining appropriate modeling. On the other
hand, attempting to develop computation methods which are already
operaticnal in the industry and yielding credible results and
insisting on making up for one delay or another year after year
is one of the best ways for a research organization to waste 1its
budget. The classlcal distinction between the short~term goals
of industry and the long~term goals of research is becoming
obsolete. What is required of research organizations today is,
firast of all, to furnish information and schematic outlines of
poorly understood basic phenomena which are introduclng too many
unknovwns into programs currently 1in progress and may do the same
to future programs.

Having completed this digression on the role of the labora-
tory, we will now return to the main subject.

1.2.2.4. Test Results

The introduction of airflow computation methods did not
eliminate the importance of the wind tunnel. A great deal has
been said about the necessity of developing test methods at high
Reynolds numbers to permit a direct transposition to flight con-
ditions. It is true, for example, that if one conﬁerts from a
maximum 1ift coefficient measured in a wind tunnel (at a low
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Reynolds number) to the estimated flight value by applying a can-
cellation differential, there is a risk that serious disappeint-
ments will result (cf. Specialist's Meeting AGARD/FDP, Lisbon,
1972). It may be that in one case there i1s double separatlon at
the leading edge, and in another, tralling edge separation on

the last flap. These two types of flow are so different that 1t
is impossible to change from one to the ofther by a mere overall

correction.

I feel that the best approach is to combine tests and com-
putations as shown in Fig. 10. Taking the types.of flow into ac-
count, a computer is used to evaluate the significant aerodynamlc
- coefficient at the flight Reynolds number and at the wind tunnel
Reynolds numbers. The latter are compared with the wind tunnel
results, and a given configuration is considered unusable unless
a1l the differences have been explained and the computation
models modified as a result. Consequently the configuration
tested in the wind tunnel and earlier optimized by computation
must be satisfactory at both the flight and wind tunnel Reynolds
numbers. I am unable to say whether this twofold optimlzation 1s
always possible; however, we have been involved in two cases of

~

N
I

O

establishing 1ift deviece - design at low speeds for two very
different types of ailrcraft (one transport, and the other combat)
and in both cases the twofold optimization was possible, after a
fairly long period of trial and error.

Any attempt at flight-

% wind tunnel extrapolation
CALCULATIDN ¥IND TUNNEL .
:m:wJRth- resuLts | should thus take into account
\ the types of flow at dif-
ferent Mach numbers and should

during preliminary desigmn

© COMPUTATION/ TESTING COUPLING I

Type of
flow

CALCULATION

for the FLIGHT
Regnalds e
]

]

PREDICTION ultimately be based on

' ? sophisticated computatlon
Fig.” 10. Computation/test coup- '

ling during preliminary design. methods., Some problems in

recent French aircraft which
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were discovered in flight and which resulted in costly errors or
correction procedures were already showing up in the wind tunnel
test results. In several cases, the specialists invelved were
too overwhelmed by the mass of results to get down to the signi-
ficant areas; in others, the aerodynamicists had hastily decided.:
that "everything would get straightened out with the Reynolds
number.” The solution forw.the role of specialists in government
crganizatiens 1s theoretically simple: they should make sure
that the significant phenomena have been tested in the wind
tunnel, check to see that all abnormallties detected in flight
testlng have been reasonably explained, and should not accept
the transposition to a flight Reynolds number until the types of
flow have been analyzed -- incases of any conflict, with the use

of credible computation methods.

I would lilke to clte two more important results of what has
just been said:

-- there is no "magic" Reynolds number beyond which an
immediate transposition to flight conditions 1s possible and where
the specialist may assume a priorl that he will not have to think;

-- one must be able to model the aerodynamic phenomena over
a large range of Reynolds numbers; as a result it is important
to qualify the computation methods by basic tests and fine flow
studies performed with high Reynolds numberg inwind tunnels and

in flight.

1.2.2.5. Finally, in addition to what has Just been stated,
a considerable role is played by intultlon. A satisfactory
project head and-effective criticism from the government organiza-
tion should both have a sufficlent dose of this faculty; however,
this c¢an hardly be described within the limits of this discussion.
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1.2.2.6. Illustration by Example

I will 1imit myself to one example describlng our approach
to an external aerodynamic problem in the case of our future
combat aircraft ("B" ailrcraft). Wlithout prejJudging the solution
which will finally be used, it can be stated that thls alrecraft
will probably be derived from the Mirage G8 ("A" airecraft). The
following approach wilill be used for all problems in external
aerodynamics (Flg. 11):

TIPICAL DESIGH EVOLUTIOM FROM AIRCRAFT *A' TO AIRCRAFT 'B’
{for exomple Mirage GB —3ACF project)

J_‘/ Ayg 3

Computation Computeticn

W-T results - WT resulis
e C__n.—_> for Re(W.T) <a'-:> for RefW.T} Cdz:> .

I an *A’ 7

ita, ata, m%§¢,

Flight Computation Computetion I Predicti i
st K1 for Re(Flight [(-omm=DY for RetFligh ; ictions )
on *A* ﬁz on TA" ﬁg on 1B’ I for 'B° J'

by A 1 end Az comparisons
«the computatien methods” " = losking UTA, = ﬁ]'
®  QUALIFICATION of : ~lookingat Bg = Bg(~ Ag)
: - the testing-locilities ~br Ay (and ’-"s )
through camputations ; with FaY 7 and &s

#* A/C B’ OPTIKISATION
thraygh W-T texting :with g

M PREDICTION by extrapolation: g {ar Ap) Ag, 8, lor Ay, Ay)

Fig. 11. Use of the experlence gained in a pre-
vious project.

—— qualification of computation methods:
comparison of computations and wind tunnel tests for
A and B;

comparison of computations and flights tests for A;
-- qualification of test methods:

comparison ¢f wind tunnel and flight tests for A (based
on the results of computation);
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-— optimization of B aircraft:
twofold optimization by computation (fiight Reynolds --
wind tunnel Reynolds);

-- prediction of aerodynamic coefflcients of B:
application of different variations from the results of:
flight tests of A, computations (flight Reynolds) for B,

and wind tunnel results for B.

Our attention has been drawn to the problem of flow 1n . .::.
transonic flight (especially 1in regard to the leading edges);
not that the results obtained with previous aircraft were poor in
this area, but because available methods of investigation
appear inadequate. Action is being taken on two fronts:

-- research: testing of a large wing with slotted leading
edge (Modane S1 wind tunnel); fine analysis of the flow within
the slots and behind the leading edges; determination ¢of a model;

-- development: the basic model for the B aircraft. (on a
scale of 1:19) is designed for the Modane S2 wind tunnel (1.70 m x
x 1.70 m; pressurized at 2.5 bars). The corresponding size makes

it possible to study leading edges wilthout slots, without, however,
abandening the possilbillty of fine .flow analysis. A model

of the A aircraft with the same dimensions was built for the S2
and a comparison between S2 and flight tests will make it possible
to qualify this test method;

Since it is not possible to construct slotted leading edges with a
model of this size, we intend to build another model on a scale
of 1:8, designed for the Modane S1 wind tunnel (8 m in diameter,
non-pressurized). A comparison of the 1:19 model in the S2 and
the 1:8 model in the S1 at the same Reynolds number will make it
possible to qualify this second assembly;
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Finally, it will not be possible to make a fine analysis of
the flow in the slots over the entire wing span with the 1:8 model.
We therefore intend to construct a 1l:4 wing for the S1; the
validity of thils assembly will be tested by comparlson with the
results from the 1:8 model.

In conclusion, this "cascade" qualification of test methods
seems to me to provide an illustration of a policy dellberately
orlented toward the minimization of risks and a maximum utillza-
tion of the results gained in the previous program.

1.2.3. A~ Look gt Organization

The criltical analysls of a preliminary deslgn is performed
at the Aeronautics Technical Agency under the direction of an
engineer responsible for the entire evaluation (including costs).
This engineer-in-charge relies on two or three crews, the most
important of which, consisting of filve enginegrs, deals with
problems of aerodynamics, welght, performance, handling qualities
and reliability. Similarly, these five engineers are in turn
responsible, within their own areas, for the following:

-- tomonitor the development of civilian and military pro-

grams 1n progress;
—-- to participate in the choice of research operations;

—-=- to monitor the development of studies being performed: and
methods being used in industry.

In my opinion thils situation offers heavy advantages, since

it allows the engineers responsible for the analysis of pre-
liminary designs:
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-- to obtaln thorough knowledge of previous programs;
~~ to bend the research toward the needs of industry;

-- to know what confidence level may be assigned to the
predliction methods used by industry.

Finally, the limited size of this team keeps it from at-
tempting to conduct research by 1tself which should be performed
by industry, and tends to keep it concentrated on the basics of
its assignment.

All these elements seem €to me to be very helpful to the
gquality of critical analysis in the preliminary design stage.

PART II. THE ROLE OF THE LABORATORY IN THE PRELIMINARY DESIGN
STAGE (P. Poisson-Quinton)

-~

2.1. Introduction

In the first part of this discussion, certaln functions of

the laboratory were menticned 1n several instances:

-- highly specific basiec research indispensable to the more
correct modeling of poorliy understood phenomena, especially in
the areas of aerodynamlcs and aeroelasticity (this is just as true
for batteries as 1t is for turbo machines);

-— specialized tests performed with maximum speed and ac-
curacy at the reguest.of the designers.

Actually, although this twofold function is absolutely ne- /5=11
ceasary, I feel that it 1s not sufflclent, especially when the

design being studied is not a relatlvely conventional preliminary
design based on a certain amount of continuity of the "state of
the art," but rathér a competely new design requiring a
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"technical leap." The most "vital" part of the Research Center
must prepare for the future by its exploratory research toward

long-term prospective programs initiated by the government agen-
cies. Thils small group responsible for bringing.up innovations
and qualifying them by tentative probing may represent only a
small proportion of the total work force -- less.than 5%, for
example. -- but it should be given considerable freedom of move-
ment and logistical support by the Research Center (access to
general computational andtest means, with their specialized per-
sonnel). A little later on I will give a few examples of this
type of exploratory research conducted - by ONERA over the
last few years. It is easy to foresee several "technological
leaps"™ in the new generations of aircraft during the next few
years, which will deal, for example, with the use of new active
control systems (C.C.V.) and new supercritical profiles. The role
of the laboratory appears to be especlally important prior to
and during the development of these concepts.

Thls is why the role of the Research Center appears to be

important in the preliminary design stage, especially when new

cencepts are involved; this will occur in the following three
phases (Fig. 12):

-- prior to the initiatlon of a preliminary design. request
by a governmental organization, the research center 1s particu-
larly well sulted to participate in a "state of the art"
synthesis on the proposed concepts, to furnish some elements of
cholce on the basis of theorefical or semiempirical studies,
and finally to initilate preliminary tests (tentative probing) to
@onfirm or deny the value of the designs consildered;

~—- when the contractors for the preliminary design have been
chosgsen, the primary function of the laboratory is to meet the
requests of the designers as quickly as possible, whether they

involve theoretical computations or specific tests;
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—-- finally, at the end of the preliminary design study, the
government organlzations will frequently find it necessary to
give a new orientation to their Research Programs, either to have
the laboratory supply more in-depth knowledge of the weak points
revealed by the study, or to have them develop new test methods
to be ready for service as soon as a new major project 1is
initiated. The latter polnt is especially important for the
Research BGenter, since it ensures its future usefulness and

effleiency.

The Research Center
should by definition be
technically in advance

I THE ROLE OF THE RESEARCH CENTER )

w [BEFORE A PRELWNARY DESIGN DECISION |

Vi
« synthesis on the "state of the Art’

tsked by Government Services Of the dESigner respon-
at tha benefit all the contractors Sib 1 e fOI’ a p re 1imi nary

« greliminory parumetric caleulations I

= preliminory tosts

design. This is the

* [ DURING THE PRELIMINARY DESIGN PROJECT |

first problem, since it

Specific demonds from monufocturess

TEN and predittion caleulotions must be able to predi ct

in due time, that is,

% [ AFTER THE PRELIMINARY DETIGN PROGRAM ]

at least 5 years in ad-

- conclosions - B> New Research Progroms vance, what the needs of
ond > Davelopmont of new faciliten .
) E> Duslgn of Rasenrch RF.V. the designer as to test
regrientotions b’ e

methods will be., (At

Flg. 12. The role of the Research least 5 years are required

Center in preliminary design. to develop a new wind
tunnel, for example.)

The center must be able continually to reorient long-term plans

to allow for rapld developments in the field of aerocnautics and

the needs of both the civilian and military sectors,.

Actually, researchers should be able to adapt very quickly
to new trends, ranging, for example, from the vertical flight
problem of a VIOL to that of the heating of a structure in hyper-
sonic flight, including the optimum adéptation of wing shape in
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transonic flight. In all three cases, it must be able to prepare
test methods which are often highly speclalized and costly and
whose cost schedule 1s often extremely difficult to predict.
Beginning a new ilnstallation always involves a certain amount of
risk, therefore; sometimes it will be used for tests which were
not predicted originally (for example, a large part of the activi-
ty of the Modane 81 currently conslsts of low speed tests, while
this wind tunnel was primarily designed for tests in the high
subsonie range). Frequently, future needs will show up during a
preliminary design study; one example of this occurred during our
recent prospective study on the civilian transport STOL's re-
quested of designers by the French Government Services (Fig. 13).
This preliminary design study clearly revealed current gaps 1n

our methods of investigation dealing with the noise of STOL air-
craft and the analysis of thelr handling qualities with correct
simulation of the environment (ground effect, gusts, ascent and
approach speeds, etec.). To meet these needs in a reasonable
period of time, ONERA has initiated two i1mportant new test
methods thanks to the financilal support of the Commercial Aviation
Administration (S.G.A.C.):

—— a highly sophisticated assembly (Figs. 14 and 15) for the /5-12
study of handling gqualitles, making use of the -large size of the
Modane S1 wind tunnelj

-- an anechoie tunnel (Figs. 16 and 17) for the study of
overhead engine nolse, rather than merely the nolise emltted at a
fixed point, by means of tests on the noise propagation around
motorized models or propulsion systems.

Simultaneously, specific problems related to the STOL
characteristics are examined in flight and on a simulator (at
the CEV and at Ames) with the use of an operational Air Force
Bréguet 941.
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| EXAMPLE . STOL DEVELOPMENT IN THE 1983 |
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Fig. 13. Planning of new test methods following a
preliminary design study.
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Fig, 14, Rig for study of handling qualitities in
the Modane S1 wind tunnel.

Let us now try to reconstruct the desirable relationship /5=13

between the laboratory and the manufacturer in the preliminary

‘design stage. First it should be emphasized (Fig. 18) that
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Flg. 15. Simulation of transverse
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fect at the 31 Modane wind tunnel.
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the initiation of a pre-
liminary design project
is an essentlal motiva-
tion for the researcher

permitting him to:

-- meetiwlth the
manufacturers and "speak

their language."
—~ determine what
problems must be solved

on a short-term basis;

—— develop new

theoretical approaches and new testing techniques;

—— finally, learn to work fast.

This is also the occasion for the manufacturer preliminary

design group:.to:
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Fig. 16. ONERA Palaiseau Project of an anechoic
chamber with integrated open tunnel (Smax = 10 mZ2,
Vomax = 55 m/sec).
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-— meet with the
researchers in their
laboratories;

-- convince them to
. begin work on their

projects immediately;

-- discover new
| ideas and attempt to
apply them.

Flg. 17. Study of flight noise on a
motorized model 1n the free jet of the
anechoic tunnel. '

-— finally, en-
courage the development

of new research methods which they willl be the flrst to benefit
from.

The function of the government agencles, finally, is to
coordinate and distribute the tasks between the manufacturer and
the laboratory. In the initial stage of the project, the Research
Center frequently makes a large contribution fo the synthesis of
avallable technical information: a satisfactory information ser-
vice and knowledge of the essential reports at the speclialist
level arg basic to an efflclent Research Center.

IKPACT OF A PRELIMINARY DESIGN POLICY
. ON THE RESEARCH CENTER EFFICIENCY :

‘ ® TO WEET MANUFACTURERS,
1) For Governmenral RESEARCHERS, # TO KNOW THE SHORT TERW PROBLEWS,

it s the best MOTIVATION : . w TO DEVELOPP MEW THEORETICAL APPROACH
. AND HWEW TESTING TECHMIQUES,

# TO WORK QUICKLY

#* TO MEET LA®'S PEQPLE,
4 TO CONVINCE them to work on their shortterm project,
'.;u is ‘the best OPPORTUHITY : # TO ook a1 NEW IDEAS ond apply them,

# TO PUSH NEW RESEARCH CAPABILITIES

) For the MARUFACTURERS,

Fig, 18. 1Impact of a preliminary design policy on
Research Center efficiency.
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The second phase 1s the joint preparation of tests indis- /5-14
pensable in the preliminary design stage (Flg. 19). The maln
factors involved in the cholce of tests are perhaps, first, fhe
speed of execution and the costs, and second, the testlng condi-
tions offered (Reynolds and Mach numbers, type of model and
dimensions).

At this stage, the manufacturer frequently has only a very
small budget (Fig. 20), and he has a tendency to economlze on
tests, especially if the response time for obtaining access to the
results is too long. Here we should emphasize the value of fast
data processing permitting the manufacturer to monitor the tests
virtually in real time and to modify the program at his

convenience.
_ _ ] As the shape of the
[IAIH PARAMETERS FOR TESTING AT THE PRELIWNARY DEUGH STAGE I . j
- : project becomes more
URGENLY
o] [ | N\ o armoroes defined, the manufacturer
(] : .
WEED o —— will tend to require
STRENGTH TEST
RS | ewstTY P ol o [ 00Bems | greater accuracy from the
\ " -
oL sze WaDEL TIPE miﬂu//f PROCESS G | test results, making it
Comaenias e e . necessary to continue
| ]
the study on larger and
more sophisticated models.
CONTRACT
REPORT From the very first

- tests, 1t is of prime
Fig. 19. Parameters of choice for
test methods at the preliminary de=’ -
slgn stage. wide range of model

attitudes (ilncidence,
yawing, etc.), which
should be far beyond the predicted flight values, especially 1f
the project is based on a new concept. A typical example we have
been involved with is that of a VIOL aircraft (Fig. 21) with
very strong aerodynamic interference between the airframe and the

importance to examine a
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! I | | fact, after a flight accident involving
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[ Hiln.

b possible to explain the accident by
: ‘ extremely detailed studies which deter-

LIFE OF mined its cause as a heavy rolling

PAGJECT

torque occurring when the aircraft was

+
i "ﬁmﬁﬁgg, ot ' vawing (difference in 1ift drop due to
Fig.\20. Relative dé; a "shower" effect between the left and

sirability of test right wings).
attributes (after ¢,
Russel, BAC/UK).

Along the same lines, 1t might be

noted that with some classical airecraft
configurations, a longitudinal instability occurs at high in-
cident angles (Fig. 22), the tendency to "pitch up," which may
bring the alreraft to ancextreme lncidence on the order of 40° at
at whiech it will become stable once again; but it will not
be able to leave this difficult position due to a lack of power
in the elevator. The laboratorles reconstructed this phenocmenon
in a wind tunnel only after a fatal accident had occcurred.

These two examples -- among many others, unfortunately --
show that it is not sufficient to accumulate wind funnel testing
hours during study of a project, but that it is essential to
analyze the results 1in detail and, if necessary, to complete the

(E59TE o Extcimion) did not show up e¢learly in the course of

tests immediately. This is the responsibility of the manufacturer's

representative, assisted by the engineer 1in charge of the tests.
The latter should be informed of the goals sought and should not
be considered merely as a "shopkeeper": hils previous experience
may be valuable for the manufacturer at this exploratory stage.
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Fig. 21. ONERA - Lift jets/alrframe interference on
a VIOL in hovering and during low-speed acceleration.

Fig. 22. Wind tunnel analysis of the deep-stall
after an accldent.

2.2. The Role of Research in Initiation of New Alrcraft Concepts

I would now like to show that the use of radically new
concepts may lead to satisfactory developments 1f close collabo-
ration between the researcher and the manufacturer is organized
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by the government agencies. As examples. (Fig. 23), I will use
some of the French projects in which the preliminary design study
raised problems which were completely new at the tlme of thelr
initiation.

SOWE EXAKMPLES of French PRELIMINARY DESIGN

an o NEW AIRCRAFT CONCEPT

YTOL SUPERSONIC FIGHTER (A.M.D. 'Bafrac’ ond “Miroge 3V')

STOL TRANSPORT (Breguet #40 = 941}

VARIABLE SWEEP FIGHTER (AM.D. ‘Micoge Go3G8")

SUPERSONIC TRAHSPORT (UK/FR ‘Concords’)

RAM-JET ond TURBO-RAM-JET (ONERA RPY, ONERA SCRAM-JET, Mord *Griffon’ A/C)

* % % ¥ %

Fig. 23. Some examples of French preliminary
design on a new airecraft concept.

2.2.1. Vertical Flight Supersonic Combat Alrcraft

Here the problem was to integrate a 1lift system using
vertical jet engines into a delta configuration, which had already
been proven by use with supersonic fighters and bombers. As we
have seen earlier, serious problems of vertical jet/airframe
interference did not show up until the flight stage due to a lack
of sophisticated testing methods in the preliminary design stage.
However, 1t was possible to make full-scale operating tests in
a wind tunnel, followed by optimization of the 1ift-Jet system in
the Modane S1 wind tunnel based on a close collaboration between
the Dassault and Rolls Royce companies and ONERA at the time the
Mirage 3V project was being launched. This wind tunnel study
permitted extremely rapld fllght development of the 1ift system.

2.2.2. Short Takeoff Transport

This concept had been proposed toward the end of the war by
the Bréguet Company, which performed basic research at that time,
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at the Saint-Cyr Aerotechriical Institute, on the deflection of
alrscrew flow by means of multiple-curvature flaps. The succes-
sive stages in development of this STOL concept -- the experi-
mental Bréguet 940 aircraft, followed by the military cargo 941
aireraft -- were preceded by palnstaking research in the ONERA
wind tunnels and those of the manufacturer, ultimately .dinvolving
semi-free flight testing of a motorized model with similar
dynamics in the Chalais S1 wind tunnel. This new testing technique
allowed pilots to familiarize themselves with the behavior and
control of the aircraft at low speeds under heavy alrfleow and
gstrong alrscrew deflection.

2.2.3. Propulsion by Ram-Jet Engine

The idea of ram-jet propulsion dates back to the early
development of aviation (Lorin, 1913), and the ploneer in this
area was RenéiLeduc, who flew the first experimental models
immediately after World War II. At that tlme, the French
government was also inltiating research on the millitary applica-
tions of the ram~jet at the Aeronautics Arsenal, which was sub-
sequently to become Nord-Aviation. For more than 10 years
(Fig. 24), a crew of specialists assisted by several research
and testing centers undertook a succession of preliminary designs
followed by experimental models tested 1n wind tunnels and then
in flight. This alfernating research and developmenf process
was to lead to a remarkable experimental supersonic airecraft, the
Griffon, propelled by a turbo-ram-jet (Fig. 25), and to operat
ticnal ram-jet missiles.

Followlng the success of these projects, the government
requested advanced studlies from ONERA on the application of the
ram-jet to hypersonic flight (Fig. 26). These studies were to
lead to the successful launching of several experimental missiles /5-16
which would reach Mach 5 in hlgh altitude flight and to the
qualification testing of a supersonic hydrogen combustion ram-jet
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adapted to flight at Mach 6. Tests of this sort were made possible
by the development of a hypersonic wind tunnel at the Modane

Center capable of simulating the temperature and pressure condi-
“tions of rdal flight at Mach 6. This installation wlll now be

used for full-scale laboratory testing of the Scorpilon experimental
missile to optimize its internal aerodynamics and its subsonlc
Kerosene combustion ram-jet at Mach 6.

[ PROPULSION SYSTEM

| 1950-51 b First Ram:jot Stodins
952 pb— e e || ~ Delto Glides {Flying quolities of low spead)

Wi Ram-ge? Tests on Srakic Rig —— ——— ——|— Delta Experimental Fighter « Gerfavt 1+ (Moch 1.3)

1934 Smalt turbs-ram-jer «Pallass
in Medons Wind Tunnsl

Loynehing of o totho-ram-je) ———— || =~ Wind Tunnat Tests on «Grifforn»
miasile $P450 at Bochor {Mach 2.6} . model in ONERA Wind Tunnals;

Dptimization of the Conard Toncept.

Full.scole test of the «Griffons : L |
In 5T Modone W-T 1 compatibility of .
a Tuibo-jet end o Ram-jet aperations;
combustion optimizotion erd Thrust porformonce
measurements up to Noch 0.7

B — -= First Flight of the «Griffon 02
{Delta Wing + canard, turbo-ram.{et}

___ e = ¥ = 1640 ky/on 10D ko closed cireit

B, =222 Z= 65000 fr.

J Wk

Fig. 24. From preliminary deslgn to an experimental
turbo-ram-jet aircraft at Nord-Aviatlon.

Continuity of this sort over more than 20 years of research
-efforts followed by experimental development is falrly exemplary,
and the success of the project 1s directly linked to this con-
"tinuity of small research and manufacturing teams working in /5-17
close collaboratlon on the responsibilities and gualification
of each project.
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Fig. 25. Wind tunnel and flight study of the
Griffon 02 turbo-ram-jet aircraft.

2.2.4, Supersonic Transport Airecraft

Over the last 10 years, the Concorde project has heavily
influenced.thendevelopment of research and test centers, particu-
larly in England and France, but also in Holland, all of whom
actively participated in the program:

-~ first, prior to the initlation of the program,

~-- second, during the preliminary design stage,
-- and finally, during the development of the aircraft.
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FOLLOW.ON RESEARCH ON RAM.JETS
at QNERA, ofter the NLA *Geiffon’ qualification
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. T = 186K
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Z % 30k
. % Fiaed gecmetry

# Svbsonic combustion, kerosene

% QGualilication .of the intemal peredyaomics
ond the combustion la the 5 Modana WT of Mech §

Fig. 26. ONERA program on the application of
ram-jets to hypersonic flight.

Here the new element was the pooling of scientific and
technical information gained by England and France, respectively,
at the time the project was launched. At the research level,
the RAE and ONERA had been collaborating for several years on
the aerodynamic problems presented by supersonic flight and they
‘were closely connected with the development of the preliminary
designs requested by their respective governments. Here I will
mention only a few ONERA research projects which were more or less
directly used, or examlned, for the Concorde projJect in the
fields of aerothermodynamics and propulsion. Fig. 27! gives a
highly schematic summary of the studies undertaken beginning in
1950 on the aerodynamlcs of slender wings, which are especially
well suited to supersonic flight.

At that time, the biggest surprise was the dilscovery of the
additional 1lift whilch a stable vortex state could produce on the

! On this subject see M., Salmon, "Concorde and aeronautic research,"
Aéronautique et Astronautique, No. 11 (4-1969).
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top skin of heavily sweptback wings (cornet vortex, Fig. 27A),
which compensated somewhat for thelr low 1ift per unit area at
low speeds. Through painstaking experlimental research it was
possible to obtain tapered leading edge shapes with a heavily
swept back apex and rounded wing tips (immediately christened
"flamboyant gothic,/"™ Fig. 27C), respectively increasing the vortex
1ift and precluding pitch-up at high incident angles. An un-
pleasant surprise, on the other hand, occurred during theiinitial
flights of a small experimental aircraft launched by ONERA, the
Deltavieix (Fig. 27B), which had a "swallow tail" wing with
accentuated 'leading .. edge sweep: the combination of the
slight elongatiﬁn and the small scale of this aircraft resulted
in a loss of damping effect during rolling which rendered it
virtually uncontrollable. This was a productive lesson, however,
since it forced us to develop an original system for automatic
stabilization“during rolling. This was undoubtedly the first
application of the "Jjet-flap" concept in the form of hot air
galleries installed at the trailing edge of the wing and fed by
diversion of the air from the compressor of the jet engine. The
response time of this "pneumatlce control" slaved to a roll rate
gyro was a few hundredths of a second, permitting satisfactory
damping of the ailrecraft during subsequent flights.

Another "fallout" of this exploratory advanced study was to
allow researchers to leave thelr laboratories for a short time to
deal ~with  the real problems of flight testing. It was at
this time that ONERA was formed from a research division responsible
for the design of experimental alrecraft, their flight testing and
exploitation of the results obtained.

In the high aspeed range, preliminary design studies at that
time were orlented toward computation of adaptation of the leading
edge (conical camber, Fig. 27E) or the whole of a delta wing
(twist and camber, Fig. 27F), allowing considerable improvements
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in aerodynamic efficiency in the subsonic¢ and supersonic ranges,
respectively.

The great turning point in research on supersonic alrcraft
was reached in 1958 when the Aeronautics Techhical Service asked
ONERA to "look into" the characteristics of a transport airecraft
capable of a supersonic cruising speed, from the twofold stand-
point of aerothermodynamics and propulsion.

Small-scale theoretical and experlimental studles were /5-18
quickly initiated to defermine the baslc problems involved in a
civilian goal of this type,which requlred both an aerodynamic
efficilency and a safety level much higher than those obtained
with contemporary military supersonic airecraft.

A parametric study based on the theoretical knowledge avail-
able at that time was undertaken to determine.the optimum
configuration for a "delta" configuration at a supersonic cruising
speed (Fig. 27I). This was a highly instructive undertaking,
since 1t made it posslible for the first time to determine the

sensitivity of a project:
-—- to the slenderness and diameter of the fuselage;
-- to the adaptation of the airframe and its relative

thickness.

Fig. 28 shows these tendencies at a cruising speed of /5-19

Mach 2.2 1n the case of a delta wing with a 70° sweep. It

was necessary for us to obtain aerodynamic efficlency at least
cne-third higher than that of current military aircraft if we

were to have a chance of belng competitive on the civilian market.
In addition, the optimum configuration for supersonic flight also
had to be acceptable for takeoff and landing; here agailn, a
preliminary experimental study showed (Fig. 29b) that the
additional vortex 1ift compensated for the loss due to the increase

41



(® UFTinG vorTEX ® (k) winG coTiMzATION at Ma1

. 1936 T “Gothic "shapa 72
“pintr KT}

TWIST AND L—-_“@ 1961 =]

CAMBER , Ma 2 !

1965
1 !

' . COMCORDE. ==
® th or =
(B) DELTAVIEX EXPERIMENTAL TRIN with CAMARD or TAIL

By ARCRAFT 38 :FI (D RETRACTABLE TN
- 8 Hey
- 4@% 1862 N
ot
W
‘ 60" N
5h-rp -Gothic TIP 1959 () kineTic HeATIMG on RPN,
155
‘ svockes it P
* L/o gain '
’ Pwm'tm; LE w'ntnghr
THEORETICAL PARAMETRIC
1982 Vorfg @ VENTRAL FLAP
O ___/// ANALY SIS @ without Cmy,

o %&ma a ‘ 4T S 1964
1260 "
MWPERSONIC; ;:A\—;_(\\ . !&

{subsonic LE)
(© FavouRasLE GRourD rrect (O) BoumDARY LaveR AmaLvsis

O [ S .....TZI W FLIGHT
1955 T 1881 ——— s A‘
 COMICAL Le, e S— ) / 19
CAMBER . \‘__ oagMnce @ |
[T ] -~ g <2 S
E - Hirage v ‘|

Fig. 27. ONERA (1950-66). Slender wind aerodynamic
research before and during the Concorde design.

in . sweep sufficlently so <that thecoverall 1ift was still
acceptable for sharp = sweeps: on the order of 70°, which would
be desirable for satisfactory supersonic efficiency at Mach 2.2.
Simultaneously, the tests showed that a pivoting leading edge
(Fig. 27H). permitted elther an increase in 1ift during approach
(accentuation of vortex 1lift by upward deflection) ior an improve-
ment in effleiency during climb and at subsonic crulsing speeds
(downward deflection). Much hlgher equilibrated 1ift was obtained
in the wind tunnel with the use of a tail or canard (FPig. 27G).
An extremely efflcient blown flap canard was then developed,
making it posslble to obtaln an approach 1ift twice that obtained
with the "taill-less” aircraft," without serious aerodynamic
interference at high incident angles (Fig. 30).

Simultaneously, preliminary transonle and supersonle experi-
mental studies on simplified models made it possible to orient
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Fig. 28. Supersonic drag calcu- In November 1959, the
lation on the SST. (ONERA, Aeronautics Technical Service

1959). initiated preliminary design

Key: a. Propulsion unit; studies for a medium-range
b. Adapted wing; c. Suction;

d. Aerodynamic efficiency supersonic transport (R =

3000 km, 80 passengers,

Mach number between 2 and 3)
to which three designers (Nord, Sud, Dassault) responded. It 1s
interesting to review two of the preliminary designs presented,
both adapted to a cruising speed at Mach 2 to 2.2 to be able to
use an aluminum alloy structure:

-- a "gothic" wing four-engine design without stabilizers,
by Sud-Aviation (Fig. 33);

-- a delta wing four-engline design wlth blown canard

stabilizer by G.A.M. Dassault, with airframe and air inlets which
were gqulte similar to those of the Mirage IV bomber (Fig. 34).
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1ift increase at low speed with a

canard confilguration.

In Great Brltain, a com-
bined government and aero-
nautical industry research
committee had been set up 1n
1956 to undertake aerodynamic
and structural research on the
configuration of a future
supersonic transport adlreraft.
In 1960, the British Aircraft
Corporation was granted a
contract for a "long range
SST ecapable of cruising at
Mach 2.2." Fig. 35 shows the
results of this study: gothile
wing design with propulsion
pods, each with three jet

englnes, tapered fuselage and /5-20

drcop nose at low speeds.
As with the Sud-Aviation
project, thilis design was
derived directly from re-
search on slender wings
conducted in both countries.
In 1961, bilateral accords
were signed between B.A.C.-
Sud and Bristol-Snecma

for joint research on a
long-range four-engine
alrcraft based directly on
respective preliminary
Finally, the de-
cision to build prototypes
for what was to become the

designs.,

Concorde was made by the French and British Governments in

November 1962,

by



d

(N

00R

P

Ri-PRODUCIBILITY OF THY

ORIGINAL PAGE IJ P

4

Fig. 31.

on SST shapes in small transonie and supersonic
tunnels.

ONERA, 1959:

first experimental approach

N s

— o _ |ba7D

Py

O

c e

Py
ACI— ONERA - General research on §.5.T.
5!

L \\ \\

\

!
o \M ‘Supernml'c trim with o cambered nase "up® ]

% Pilot pOSE*UR®

\‘ vivien ‘
)
L]
1\ \ | Cem
.goos| _opozs y O 'P,aazs u,un?
1
LY ¥ 3
. 3 -
margm:l?:\ E o i
i COMVENTIOMAL HDE:E
Fig. 32.

cruising SST.

Study of an inverted cockpit contributing
to the longitudinal equilibrium of a supersonic

The initiation of preliminary design projects by the French

Technical Service had been accompanled by a "moblllization" of the
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research and testling means of ONERA for the beneflt of the

manufacturers:

-~ 1in regard to the external aerodynamics, theoretical

research undertaken for optimization of slender wings resulted in
the proposal (Fig. 27K) of an adaptation of this design to

Mach 1 under slender body theory, since, for the purposes re-
quired, the aircraft needed satisfactory aerodynamic efficiency
not only at a cruising speed of Mach 2.2, but alsoc at a possible
subsonic cruising speed of about Mach 0.93 (flight over areas
sensitive to sonic boom, case of engine failure) and finally
during holding flight and diverslon at about Mach 0.75. The
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spin and camber laws computed by ONERA will serve as a basis for
generation of the Concorde airframe.

During the same perilod, at the Cannes wind tunnel ONERA
researchers revealed a considerable favorable ground effect on
slender wings in addition to the gain resulting from vortex
development at high takeoff and landing angles. This twofold
advantage was confirmed by NASA-Ames inm wind tunnel tests and in
flight using the experimental F-5D alrcraft equipped with an
airframe with a similar shape to that of the Concorde (Fig. 36).

Finally, 1t was of prime importance to set up an accurate
drag breakdown for the project throughout the flight range by
performing computations to extrapolate the wind tunnel results at
Reynolds numbers of a lower order of magnitude than in flight. /5=-21
The Concorde program for the flrst time permitted serious attempts
to measure drag accurately in wind tunnel tests, by taking into
account the position of the boundary layer transitlon or by
artificially generating a turbulent flow on surfaces with cali-
brated roughness. Painstaking tests performed on a single model
for the project (Fig. 37) in the large transonic wind tunnels
avallable in France, England and Holland made it possible for the
first time to obtain correct correlations of data from the 4if-
ferent laboratories, which were subsequently used for development
of the Concorde, and which are stlll being used for continuous
updating of the mass-produced aircraft.

The Technlcal Service also asked ONERA to perform two ex-
tensive baslc research programs involving wind tunnel and flight
testing te confirm the validity of theoretical computations of
friction and kinetic heating as a functlion of Mach and: Reynolds
numbers, since accurate prediction of these characteristles was
vital for the computation of performance and variations in the
heating of the Concorde structure at supersonic cruising speeds.
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Fig. 34. PFrench Air Ministry: July 1961. SST
medium-range preliminary proposals. G.4., Marcel
Dassault project.

The influence of Reynolds and Mach numbers and the effect of
roughness in the wing skin were studled by analysis of the

boundary layer on the top skin of the delta wing of the Mirage IV
bomber, wlth the cooperation of the Dassault Company (Fig. 270),
between Mach 0.9 and 2.1. Similar wind tunnel tests on a delta
half-wing at low Reynolds numbers provided a convenient means of
checking the equations used to compute the turbulent friction of
the Concorde over a wlde range of Reynolds numbers (Fig. 38).

The experimental study of kinetic heatlng presented com- /5=22
letely new and difficult problems with regard to test methods and
instrumentation. To perform this research effectively, a series
of delta wings (Fig. 27TM) with a perfectly calibrated stainless
steel skin and equlpped wilth a large number of thermocouples
were tested at the wall of a hot gust wind tunnel (Modane S3)
and on an experimental missile (D-6, Fig. 39). Several missiles
were flred, and the temperature measurements which were
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Fig. 36. Favorable effects of vortex 1lift and ground
effect on slender wings of the Concorde type.

transmitted to the ground during stabilized flight in the vicinity
of Mach 2.2.at an altitude of 9 km made it possible to compute
thermal fluxes which were in satisfactory agreement with those
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The sum total of these developmental studies, financed under
the Concorde program, made it possible to forma reserve of researchers
and technicians and to make a conslderable improvements in testing
metheds on the ground and in flight.
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In conclusion, I would like to describe the important in-
fernal aerodynamic studles which have been performed by ONERA
slnce 1958 toward development of the propulsion system of the

superscenic . .transport.
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Fig. 39. ONERA: research on supersonic kinetie
heating during Concorde studies.

Experience with the alr 1inlets. of military supersonic air-
craft (of the Mirage ITI and IV classes) and experimental ram-
jet missiles had been accumulating for a long time. However, the
air 1inlets of a supersonic transport aircraft,‘like the airframe,
had to have a much higher performance than that of contemporary
military aircraft to obtain the low specific fuel consumption
necessary for a large operating range. From the beginning, the
cholce was a two-dimensional alr 1inlet of varying shape. Com-
putations and preliminary tests in the preliminary design stage
quickly showed that the "outslde compression" solution was
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simpler than and almost as efficient as a "mlixed compression” sdlution
for a cruising speed of Mach 2.2, . making use of the favorabile
precompression of the wing when the air inlet is flush with the
underside of the wings. A speclally deslgned test bench was
installed in the ONERA S5 wind tunnel in Chalais, permitting the
development of movable compression ramps, as well as the

boundary layer bleed, which was essentlial for obtalning a correct
flow to the right of the jet. This configuration was used for

the Concorde project from the outset, but the final plans evolved
during the development of the project following a large

number of tests whilch are still being conducted in several English
and French wind tunnels. ONERA is still working on these tests

in close collaboration with the manufacturers, SNIAS/BAC (Fig.
Y0a: 1dentical assembly to that used in the Chalals S5, current-
ly in use at Vernon).
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Fig. 40a. ONERA/LRBA (Vernon): wind tunnel tests
on Concorde twin inlet at high Reynolds numbers.
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Fig. 40b. ONERA S5 wind tunnel, Chalais: thrust
and drag on Concorde nacelle after-body (SNECMA}).
Scale: 1/20. ’

With the nacelle after-body, the problem was still more
difficult, since our knowledge and testlng methods were completely
inadequate at the time of the preliminary design study. It was
first necessary to develop sophisticated test setups for measure-
ment of the thrust from multiflow nozzles in the core of a
transonic or supersonic flow (Fig. 40b), and alsc benches for
extremely precise measurement of the thrust at a fixed point. All
these setups are =still being used for step-byrstep improvements
in the performances of the Concorde nozgles In the different /5=-24
flight ranges, in close ccllaboration with the manufacturers,
SNECMA/Rolls Royce. At the same time, ONERA is participating in
acoustical, theoretical and experimental studies designed to
reduce the noise level from these nozzles.

During the development of the Concorde project, ONERA also
furnished continuous technical assistance to the manufacturers
in the fleld of aerocelasticity, which 1s especially important
ffor :thls extremely flexlble wing configuration. Thils assistance
included participation in structural computations, vibration

I3 1
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testing of the prototype on the ground, wind tunnel studies of
flutter on models with simllar aeroelasticity, in-flight analysis
of the alrcraft response to turbulence, etc.

2.2.5. Variable Sweep Aircraft

In coneclusion, T would like to give a birief description
of the role ONERA will be playing in the future and during the
preliminary design of a variable-shape multipurpose alrcraft.

In 1963, the Technical Aeronautics Service requested ONERA
£ o make a general study, both theoretical and experimental, on
variable sweep design, and simultanecusly requested the Bréguet
Company to undertake a prelimlnary design study on a multipurpose
combat alreraft (Fig. 41). Shortly thereafter, a similar study
was requesated of the Dassault Company, which was to be followed
by an order for a slngle-englne experimental prototype from this
company, the Mirage G, in October 1965. This aircraft made its
first flight 25 months later, and a large part of the flight
envelope was explored in the following 2 months (beginning of
1968). The unquestionable success of this program and the speed
of 1ts execution demonstrate the solidity of a prototype policy
based on experience galned with previous aircraft: 1n developing
a new concept {(variable sweep wing), the Dassault Company had
actually reused most of the elements already tested in flight
on the Mirage Fo fixed wing experimental aircraft (same PW-TF-306
Jjet engine, same fuselage with already qualified side alr inlets
and nozzle, and virtually 1dentical pivoting horizontal stabili-
zers; see Fig. 8).

The functionof ONERA in this case was the very rapid furhishing of
aerodynamic data on configurations whilch were completely new to
us (since foreign research was classified), throughout an ex~
tensive range of Mach numbers.
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However, on the theoretical level we gained .considerablel’ -
skill at this time in the use of Perés-Malavard electrical
analogies for computation of 11ift surface areas and subsonic
flow (Fig. 42). Furthermore, thls same laboratory had just
developed an analog method for wing computation in supersonic /5-25
flight based on the use of an inductance~capaclty network.
Finally, the Theoretical Aerodynamics Division had developed
tested numerical computation methods at thils time, both for
optimlzation of wings at Mach 1 using slender body theory and for
computation of wings of any shape in the supersonic range.

On an experimental level, it was absolutely necessary to
be able to check the validity of these different theoretical
approaches quickly by wind tunnel tests on schematic models.
For example, to obtain the aerodynamic derivatives, classes of
flat wings which can be built easily and inexpensively will be

55



used both for incompressible condftions and for transonic and
supersonic conditions (Fig. 43).

A1l these computationalandlimited testing methods were used
simultaneously for approximately 1 year .on parametric study of a
serles of variable sweep wings. The: same shape was used for
spread configuration, and the position of the pivot was changed to
rotate the movable wing up to a sweep of 70° (Fig. 44). The
analog study showed that the backward shift in the center of
thrust between the maximum and minimum sweeps (15° and 70°) varied
linearly with the position of the pivot on the span. Thus there
was an excentric for this plvot resulting in identical longltu=.1:
dinal stability at extreme operating speeds (spread and folded
wings). All these theoretical characteristlcs for an lncompres-
sible medium were qulckly conflrmed by experimentation 1n the
Cannes wind tunnel (Fig. 43a). These tests also revealed problems
in longitudinal stability at high incidences with spread wings
when the area of the fixed tip became large (case of an excentric
pivot which was otherwise desirable due to the low sensitlvity
of its statle margin to .sweeplng of the wing).

RSt S r

Schematic fayout of an extend
b

wing configuration with fail,

Fig. 42. ONERA: Basic research on variable
sweep concept. Theoretical approach with rheo-
electrical analogy method.
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a) 5, Cannes W, 7. (low speed),

b) 3g Chalals W.T. (trans-supersonic), i ]

Fig. 43. ONERA: preliminary tests to check
theoretical apprcocaches on variable sweep alr-
craft concept.

Supersonic testing of schematic models in the Chalails S5
wind tunnel also confirmed the variations in the center of thrust
with. the pesition of the pivot on the span computed for super-
sonlec speeds by two theoretical approaches: the backward shift
in the center of thrust between Mach 0.1 and Mach 2.1 (Fig. 44)
was appreclably the same for all the conflgurations studied with
folded wings at 70°, and was thus independent of the position of
the pivot.

Finally, previous ONERA experience with increases in the
maximum aercdynamic efficiency provided by a conical camber for
the leading edge of a delta wing (Mirage III). led us t0 compute
a camber of thils type for the wing in folded position (wihg with
70°.sweep and the. addition of a horizontal stabilizer, Fig. 45).
This computation for adaptation of the leading edge was performed
at Mach 1 wlth the use of slender body theory. The original idea
was to make simultaneous use of satisfactory adaptation of the
wing to transonlc combat (folded wings) and a sharp camber in
"spread wing'" configuration, which should permit an improvement
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in low-speed stall characteristics.

Wind tunnel tests and the use

of this theoretical approach 1n flight fully confirmed this

expectation.
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configuration.

This last example /5-26
shows that the Research
Center may be effective

with a limited budget

at the preliminary:ldesign
stage, due to an ex-
tremely short response
time obtained by the
"mobilization" of small
groups of researchers,
theoreticians and experi-
menters toward a well-
defined goal 1in direct

cooperation with future

clientsl
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2,3, Coneclusions

It has been my intention to
use a few of the projects with
which I have been involved in
France during the last two
decades to attempt to show that

COMSTANT
—=] DEVELOPRENTE-— Aﬂﬁwv(:) i1t was often economically .
= == feasible to make use of the
JEBEAIC CH !

mﬂlm%}m il YEARS research laboratory at the

i EE%:?EEWR‘ beginning of a new preliminary

0 e uary design project, with the manu-

Fig. 46. Long-term research facturer subsequently continuilng

should make use of technlcal to rely on the technical assls-
assistance, which decreases
during crisis. periods, to
keep aeronautics laboratories

fully active.

tance of this laboratory during
the development of the project
and after the initial flights.

Unfortunately, thils procedure is becoming increasingly rare
in most countries at present, for several interrelated reasons:

—— initiation of fewer new projects,

—— lack of any long-range aercnautics policy permitting the
development of experimental ailrcraft;

-- the cost and complexity of the few remaining projects,
which are thus assigned direetly to groups of manufacturers \
which are frequently multinational.

This trend obviously makes it increasingly difficult to ob-
tain a direct dialogue between government, manufacturers, and
In addition, it
is increasingly difficult to introduce new ldeas at thils stage,

laboratories in the preliminary design stage.
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due to the financial risk which must be taken when the project 1s
not "conservative." Thils is why the‘govefnment,shOuld take on

the responsibility of initiating general research to generate

new ideas long before assigning projects to manufacturers; SO that
these ideas may be used diréctly when the time comes.

This "pillot" action is especlally necessary during the
cyclic crisis periods in the aeronautics industry, so that the
Research Center is not subject to these sudden fluctuations in
industrial activity (Fig. 46). A long-range research program wlll
compensate for a temporary decrease in technical assistance and
ensure the continuous employment of highly qualified personnel.
This is alsc the best solution to provide a short response time
for the laboratory to meet manufacturers' requests during actlive
periods when several projects are being launched at the same

time.
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